Objective: Evaluate coronary angiogenic response to transmural injection of plasmid encoding VEGF 165 in acute myocardial infarction (AMI) zones in a canine model.
INTRODUCTION
Gene therapy represents a new treatment modality for coronary disease due to exogen angiogenic factors (or genes which codify these factors) to develop new arterial vessels or to promote the reshaping of the existing vessels [1] . This treatment is based on experimental studies of ischemia that demonstrate angiogenic interventions such as a form of improving the myocardial perfusion [2] [3] [4] [5] . Angiogenic agents were efficacious both by direct trans-myocardial injection of nude plasmid DNA, as through viral vectors or liposomes. Trans-myocardial injection has the advantage of low potentiality in the generation of side effects and, depending on the form in which the transfection is performed, it is possible to use it as an adjuvant therapy in existing treatments.
Vascular endothelial growth factor (VEGF) is one of the most widely angiogenic agents studied [2, [6] [7] [8] , partially because its mitogenic activity is specific for endothelial cells and its expression is induced by hypoxia, which denotes it to be a natural mediator in angiogenesis as a response to ischemia. More commonly, the protein is a polypeptide homodimer with 165 or 121 amino acids (VEGF165 and VEGF121), with both capable of improvements in the collateral blood flow in experimental models.
In an earlier study [9] , we developed a canine model of ischemic heart disease with scintigraphic control and we tested the transfection of the gene responsible for the production of fluorescent green protein. In this work we demonstrated an effective protein production in the treated area, and thus, the efficacy of the process of genic transfection of this model.
The objective of this study was to evaluate the reperfusion and the formation of new vessels (capillaries and arterioles) after plasmid VEGF 165 transmural injection in a canine model of acute ischemic heart disease.
METHOD

Experimental Technique
To perform this experiment 11 mongrel bitches with weights between 11 and 21 kg (mean 14.36 ± 3.13) were operated on in the animal experimental laboratory of the Cardiology Institute of Rio Grande do Sul / University Foundation of Cardiology. The handling of the animals followed the norms established by the "Guide for care and use of laboratory animals" of the Institute of Laboratory Animal Resources, National Academy of Sciences, Washington D.C. and by the ethical principles for animal experimentation of the Brazilian Code on Animal Experimentation (COBEA).
The anesthetic procedure was performed using xylazine (1 mg / 5 kg intramuscular), propofol (0.5 mg/kg EV) and fentanyl (1 ml/10 kg EV). The animals were intubed and the surgical approach of the heart was made by lateral thoracotomy in the fifth left intercostal spacing. To induce myocardial SANT infarction, a simple ligature of the main diagonal branch of the anterior ascending coronary artery with 5-0 monofilament polypropylene thread.
The dogs were divided into two groups:
The control group, formed by six dogs that were injected with 1 ml of saline solution split into 10 points in the infarcted area and the peripheral region.
The treated group formed by six dogs that were injected with 200 µg of plasmid containing VEGF 165 suspended in 1 ml of saline solution also divided in ten points in the infarcted area and the peripheral region.
On finishing the procedure, the dogs were recovered and myocardial scintigraphy with Tecnecio was performed. At 14 days from myocardial infarction, the scintigraphic study was repeated. After the dogs were anesthetized and sacrificed for the removal of the heart, which was stored in formal to make the histologic study.
Synthesis of VEGF 165
The DNA used in this experiment was constructed by the insertion of the VEGF 165 gene in the skeleton of plasmid with eukaryotic pCIS expression supplied by Genentech USA. The plasmid was introduced in competent bacteria XL1-Blue (Stratagene, La Jolla, California) by thermal shock and purification with the use of the DNA preparation kit Maxiprep (Qiagen, Valencia, California) according to the manufacturer's instructions. Doses of 200 milligrams of DNA were resuspended in 1 ml of saline solution with the objective of using it in the experiment.
Histological Analysis and Capillary Count
For the histological study samples of the transition area (ischemic) whose average size was 2.67 ± 0.15 cm 2 in the control group and 2.44 ± 0.53 cm 2 in the treated group (not significant) were removed. Also a sample of the myocardium from the posterior wall of the left ventricle was evaluated. After, staining with hematoxylin-eosin and Masson's trichrome stain, was made.
Vessels with sizes less than 25 µ were considered to be capillaries, between 25 and 100 µ arterioles and greater than 100 µ arteries [10] .
Statistical Analysis
The data obtained were registered on individual record cards, contingency tables and they were submitted to statistical analysis using student t-test and the chi-squared test. An α of 5% (p-value < 0.05) was considered as a significant variation.
RESULTS
Myocardial Scintigraphy
The scintigraphic examination was effective in three of the dogs from the control group and three from the treated group. The immediate control examinations demonstrated moderate to severe hypoperfusion in the antero-lateral-apical zone ( Table 1, Figures 1 and 2 ). These findings are explained by the perfusion area of the occluded coronary artery. The late control examinations demonstrated a recovery rate of 70 to 90% of the infarcted area, but in some cases there was persistent lateral hypoperfusion ( Table 1, Figures 1 and 2) . In both the early and late control examinations, no statistical difference evidenced between the control and treated groups, demonstrating the appearance of similar sized infarction zones and with the same pattern of reperfusion.
Anatomicopathological Study
The pathologic examinations revealed transmural infarction in seven dogs (63.6%) and subendocardial infarction in four dogs (36.3%), where transmural infarction was considered as that which covered more than 50% of the wall.
The histological study of the transition area of the acute myocardial infarction (AMI) revealed a greater number of vessels per cm 2 in the treated group compared to the control group (mean 123.81 ± 21.48 and 40.00 ± 6.13 respectively: pvalue < 0.01). This increase in the number of vessels is mainly attributable to an increment in the number of capillaries (97.5 ± 16.04 in the treated group and 22.18 ± 3.25 in the control group: p-value < 0.01). The difference in the increase in the number of arterioles was not significant between the two groups (25.16 ± 10.89 and 17.89 ± 4.75). The comparison between the AMI transition region and the normal myocardial area of the posterior wall of the treated group, showed a greater number of vessels in the treated area, even though the difference was not significant (123.81 ± 21.48 and 95.14 ± 41.19 respectively - Table 2 and figures 3 and 4).
A statistically significant difference was evidenced in the mean size of the vessels between the control group and the treated group with mean sizes of 27.37 ± 17.96 µ and 22.08 ± 18.15 µ respectively (p-value < 0.01).
DISCUSSION
The use of recombinant genes and growth factors in the form of recombinant proteins is efficient both as intramural or coronary artery injection. The first, even though it implies thoracotomy, which in the extrapolation from the experimental model to human entails the use of an associated process, gives the advantage of a localized delivery with less systemic leakage. Even so, a study performed with a pericardial injection of FGF (which links to heparin in the same way as VEGF, and thus has a similar distribution) demonstrated through immunohistochemistry that only 19% of the total injection remains in the myocardium after 150 minutes [11] . Its endovenous use seems limiting, both for "the first elimination in the lung" through low-affinity receptors [12] , which limits the percentage of the dose to reach the myocardium [13] , as in the already proven hypotensor effect of FGF and VEGF [14] [15] [16] [17] . As possible complications of this therapy, the angiogenic factors, as they are implicated in tumoral growth, can accentuate sub-clinical neoplastic processes, or even act in a possible acceleration of the formation of arteriosclerotic lesions and to promote the destabilization of arteriosclerotic plaque [18, 19] .
The optimum method of evaluating the angiogenesis in the tissue perfusion is not totally clear. Simple angiography is not capable of detecting changes at the microvascular level, but contrast myocardial echocardiography in conjunction with "radio-marked" micro-spheres, was successfully used to evaluate the benefits of therapy with VEGF 121 [8] . Studies demonstrated the capacity of VEGF 165 and other angiogenic factors, whether in the form of recombinant proteins or by gene therapy, to generate new vessels in experimental models of ischemic heart disease [4, 10] .
The most important findings of our study are: 1) In the canine heart, the injection of plasmid containing VEGF 165 in the infarcted area and the peripheral region resulted in a significant increase in the number of capillaries of the treated region in relation to the control group.
2) The neo-vascularization was not capable of determining statistically significant alterations in the myocardial scintigraphy.
The growth of the capillary network, without a significant increase in the number of arterioles, after 15 days, reflects the incapacity of the isolated administration of this angiogenic factor to create a more complete collateral blood flow in the short space of time of this study.
The incapacity of myocardial scintigraphy to demonstrate differences between the groups has complementary explanations: 1) The already referred to incapacity of generating a more consistent collateral blood flow.
2) The limited sensitivity of the examination, in part due to the artifacts generated by our model, such as the size of the biliary vesicula, which retains a significant part of the contrast.
3) The small area of infarction created by the ligature of the main diagonal branch of the anterior descending artery, in conjunction with the recognized facility of the canine myocardium to establish collateral blood flow [10] . This contributes to a total proximal reperfusion in both the groups and made the comparison of the results difficult.
In relation to clinical applications of the agents such as VEGF, many questions remain to be answered: 1) Will multiple agents be necessary? 2) Does the agent need to be delivered locally? 3) Is it better to deliver the agent as a recombinant protein or by gene therapy?
Additionally, the most appropriate outcome to evaluate the efficacy of angiogenic therapy is still controversial [8] in part because the ideal method to evaluate the response in terms of blood vessels is not clear. The microvascular level in which the growth factors act is not completely understood, and there are no methods of in vitro imaging to evaluate vessels with diameters of less than 200 µ.
In conclusion, the transmural injection of plasmid VEGF 165 resulted in a significant increase in the number of capillaries and in a non-significant increase in the number of arterioles in the experimental AMI transition zone. The increase in the number of capillaries by gene therapy presumably has a beneficial effect in the reduction and recovery of the ischemic area.
